We present a chemical abundance study of three inner old halo clusters NGC 6287, NGC 6293, and NGC 6541, finding [Fe/H] = −2.01 ± 0.05, −1.99 ± 0.02, and −1.76 ± 0.02 (internal), respectively, and our metallicity measurements are in good agreement with previous estimates. We also present the radial velocity measurements of the clusters. Our radial velocity measurements for NGC 6293 and NGC 6541 are in good agreement with previous measurements, however, our radial velocity measurement for NGC 6287 is almost 80 km s −1 larger than the previous measurement.
contributions from different masses of the SNe II progenitors that enriched protoglobular cluster clouds' elemental abundances and the different initial physical environments surrounding the proto-globular clusters clouds are responsible for this gradient in [Si/Ti] ratios versus Galactocentric distances of the "old halo" globular clusters. On the other hand, our program clusters' enhanced s-process elemental abundances suggest that the formation timescale of our program clusters might be as short as a few times 10 8 yr after the star formation is initiated in the Galaxy's central regions, if the s-process site is intermediate mass AGB stars.
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INTRODUCTION
Detailed elemental abundance studies of globular clusters may provide strong constraints on the Galaxy formation picture. For example, a metallicity gradient would imply that the Galaxy formed via a slow dissipational process. A constant and enhanced [α/Fe] versus [Fe/H] relation may indicate that the globular clusters must have formed simultaneously within a couple of gigayears (Wyse & Gilmore 1988; Wheeler et al. 1989; Carney 1996) , so that their proto-globular cluster clouds (PGCCs) were not contaminated by SNe Ia products. The abundance ratio of r-process elements to s-process elements, such as [Ba/Eu] and [La/Eu] , as a function of metallicity in globular cluster systems, may also suggest how rapidly they were polluted by the low-or intermediate-mass stars before they formed.
In spite of the importance of the chemical abundance studies, few high resolution spectroscopic studies of the globular clusters near the Galactic center have been performed due to the observational limitations set by large interstellar reddening. Geisler (1988) studied NGC 6541 employing the Washington photometric system and obtained [Fe/H] = −0.99 ± 0.20. The high metallicity for NGC 6541 led Geisler (1988) to claim that NGC 6541 is the one of the examples of the second parameter problem since it has a BHB morphology for its metallicity. Rutledge et al. (1997a) studied NGC 6541 using the Ca II triplet with low resolution spectra and obtained [Fe/H] = −1.79 ± 0.02 on the Zinn & West (1984) metallicity scale. In this case, a second parameter is unnecessary to explain the HB morphology of NGC 6541. Kennedy, Bates, & Kemp (1998) employed high resolution spectroscopy for several stars in NGC 6541, but their study focused on the interstellar medium towards NGC 6541 using spectral regions near Na I D lines.
In this paper, we explore the detailed elemental abundances for RGB stars in the metalpoor inner halo globular clusters NGC 6287 (R GC = 1.6 kpc), NGC 6293 (R GC = 1.4 kpc), and NGC 6541 (R GC = 2.2 kpc) using high resolution spectra. Lee et al. (2001) and Lee, Carney, & Heasley (2002, in preparation) employed HST NIC3 and PC2 photometry of these clusters to show that they essentially have the same age as the one of the oldest globular clusters in our Galaxy, M92. A comparative elemental abundance study between these three clusters and the intermediate halo clusters (or the metal-poor halo stars) will provide clues of the early chemical enrichment history of the inner part of our Galaxy.
OBSERVATIONS AND DATA REDUCTION
We selected our program RGB stars from Stetson & West (1994) , Janes & Heasley (1991) , and Alcaino (1979) for NGC 6287, NGC 6293, and NGC 6541, respectively. We obtained high S/N (≥ 95) echelle spectra using the CTIO 4-meter telescope and its Cassegrain echelle spectrograph. The Tek 2048 × 2048 CCD, 31.6 lines/mm echelle grating, long red camera, and G181 cross-disperser were employed for our observations. The slit width was 150 µm, or about 1.0 arcsec, that projected to 2.0 pixels and which yielded an effective resolving power R = 28,000. Each spectrum had complete spectral coverage from 5500 to 7850Å for the 1998 run and 5700 to 8000Å for the 1999 run. All program star observations were accompanied by flat lamp, Th-Ar lamp, and bias frames. We also obtained spectra of rapidly rotating early type stars in order to remove telluric absorption features. During the 1998 run, the seeing conditions were extremely poor, no better than 2-2.5 arcsec for 5 nights. The seeing conditions were slightly better, with the mean of 1.5 arcsec, during the 1999 run. The basic photometric data for the program RGB stars and the journal of observations are given in Table 1 .
The raw data frames were trimmed, bias-corrected, and flat-fielded using the IRAF 5 ARED and CCDRED packages. The scattered light was also subtracted using the AP-SCATTER task in ECHELLE. The echelle apertures were then extracted to form 1-d spectra, which were continuum-fitted and normalized, and a wavelength solution was applied following the standard IRAF echelle reduction routines. The telluric line removal was performed by dividing a program star spectrum by that of rapidly rotating early type stars.
Equivalent widths were measured mainly by the direct integration of each line profile 5 IRAF (Image Reduction and Analysis Facility) is distributed by the National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc., under contract with the National Science Foundation.
using the SPLOT task in IRAF ECHELLE package. The equivalent widths for our program stars are listed in Table 2 .
ANALYSIS
In our elemental abundance analysis, we use the usual spectroscopic notations that [A/B] ≡ log(N A /N B ) star − log(N A /N B ) ⊙ , and that log n(A) ≡ log(N A /N H ) + 12.00 for each element. For the absolute solar iron abundance, we adopt log n(Fe) = 7.52 following the discussion by Sneden et al. (1991) .
Line Selection and Oscillator Strengths
For our line selection, laboratory oscillator strengths were adopted whenever possible, with supplemental solar oscillator strength values. In addition to oscillator strengths, taking into account the damping broadening due to the van der Waals force, we adopted the Unsöld approximation with no enhancement. We list the source of oscillator strengths in Table 3 .
The abundance analysis mainly depends on the reliability of the oscillator strength values for the Fe I and Fe II lines, since not only the metallicity scale but also the stellar parameters, such as spectroscopic temperature, surface gravity, and microturbulent velocity, will be determined by using these lines. We mainly relied upon the extensive laboratory oscillator strength measurements by the Oxford group (Blackwell et al. 1979; 1982b , 1982c , 1986a . We also used oscillator strength values measured by O'Brian et al. (1991) and the Hannover group (Bard, Kock, & Kock 1991; Bard & Kock 1994) . In our iron abundance analysis, we consider the Oxford group's measurements (the absorption method) as primary oscillator strengths and oscillator strength measurements that relied on emission methods (O'Brian et al. 1991; Bard, Kock, & Kock 1991; Bard & Kock 1994) as supplemental. Therefore, the oscillator strengths by O'Brian et al. and the Hannover group were scaled with respect to those by the Oxford group as a function of excitation potential (de Almeida 2000, private communication), log gf = log gf (OB) − 0.017, log gf = log gf (H91) − 0.015 − 0.009χ, log gf = log gf (H94) − 0.027 − 0.009χ,
where the excitation potential χ is given in electron volts. Blackwell, Smith, & Lynas-Gray (1995) also pointed out that there appears to exist a slight gradient in the excitation potential between oscillator strengths by the Oxford group and those by the Hannover group, with log gf (Oxf ord) = log gf (Hannover) − 0.021 − 0.006χ.
For neutral titanium lines, we relied on the laboratory measurements by the Oxford group (Blackwell et al. 1982a (Blackwell et al. , 1983 (Blackwell et al. , 1986b . It should be noted that the original Oxford gfvalues have been increased by +0.056 dex following Grevesse, Blackwell, & Petford (1989) . They discussed that their original gf -values relied on the inaccurate lifetime measurements and the absolute gf -values should be revised based on the new measurements.
Contrary to other elements possessing HFS components, HFS components should be considered in the barium abundance analysis because Ba II lines are usually very strong even in metal-poor stars and the desaturation effects due to HFS components become evident (see for example, McWilliam 1998). We adopted the Ba II HFS components and oscillator strengths of Sneden et al. (1997) . Note that Sneden et al. (1997) did not publish their HFS line list but the electronic version of Ba II HFS components was kindly provided by Chris Sneden and Inese Ivans (2000, private communication) .
Stellar Parameters and Model Atmospheres
Having good stellar parameters, such as the effective temperature and the surface gravity, is very important in any stellar abundance study, since the absolute or the relative elemental abundance scale will depend on the input stellar parameters. For our analysis, we rely on spectroscopic temperatures and photometric surface gravities.
The initial estimates of the temperature of program stars were estimated using BV photometry of our program clusters (Stetson & West 1994 , Janes & Heasley 1991 , and Alcaino 1979 and the empirical color-temperature relation given by Alonso, Arribas, & Martinez-Roger (1999) . Since their relation depends slightly on the metallicity, we adopted [Fe/H] = −2.05, −1.90, and −1.80 for NGC 6287, NGC 6293, and NGC 6541 (Harris 1996) . To estimate the dereddened color, we adopt E(B − V ) = 0.62, 0.40, and 0.14 for NGC 6287 , NGC 6293, and NGC 6541 (Lee, Carney, & Heasley 2002, in preparation) , respectively (see also Table 4 ). It should be noted that our E(B − V ) values are estimated using HST NIC3 photometry (NGC 6287) and PC2 photometry (NGC 6293 and NGC 6541) are in good agreement with those of Harris (1996) to within 0.02 mag. Our program clusters have large interstellar reddening values because they are located near the Galactic center and they even suffer from the differential reddening.
6 Therefore, the uncertainty in the interstellar reddening is the major source of error in our photometric temperature estimation. Generally, an uncertainty of 0.1 mag in E(B − V ) results in an uncertainty of ≈ 100 -130 K in photometric effective temperature.
To derive photometric surface gravity in relation to that of Sun, we use log g ⊙ = 4.44 in cgs units, M bol,⊙ = 4.74 mag, and T ef f,⊙ = 5777 K for the Sun (Livingston 1999 ) and we assume the stellar mass M = 0.8 M ⊙ . We use the empirical relation given by Alonso et al. (1999) to estimate the bolometric correction. We adopt (m − M) 0 = 14.35, 14.61, and 14.19 mag for NGC 6287 , NGC 6293, and NGC 6541 (Lee, Carney, & Heasley 2002, in preparation) . Our (m − M) 0 values are 0.30, 0.11, and 0.05 mag smaller than those of Harris for NGC 6287, NGC 6293, and NGC 6541, respectively. In general, an uncertainty of 0.3 mag in (m − M) 0 results in an uncertainty of 0.1 dex in log g, in the sense that a short distance scale results in a high surface gravity.
As an independent test, we compared the spectroscopic temperature and surface gravity of M92 RGB stars by Sneden et al. (1991) to those calculated using the photometric method above. Using M92 RGB stars provides an advantage that the interstellar reddening towards M92 is negligibly small, E(B − V ) = 0.02. Thus, the uncertainty raised by the interstellar reddening in the photometric temperature and surface gravity estimates will be minimized. Our calculations showed that the photometric and spectroscopic temperature scales are in very good agreement with ∆[T ef f (spectroscopic) − T ef f (photometric)] = 37 ± 11 K. We calculate the photometric surface gravity for 0.80 M ⊙ and 0.85 M ⊙ , which are roughly the stellar evolutionary mass for the RGB stars in the oldest metal-poor clusters (Bergbusch & VandenBerg 2001) . Both cases are in very good agreement with the surface gravity measurements by Sneden et al. (1991) . For our photometric surface gravity estimates, a stellar mass of 0.80 M ⊙ is assumed for each program star.
With initial photometric temperature and surface gravity estimates, 72-depth planeparallel LTE model atmospheres were computed using the program ATLAS9, written and supplied by Dr. R. L. Kurucz. Assuming that the star would prove to be metal-poor, the model atmospheres were computed using opacity distribution functions and abundances with enhanced abundances of all the "α" elements (O, Ne, Mg, Si, S, Ar, Ca, and Ti) by 0.4 dex. The "α" element enhancements are important since several of these elements are quite abundant and are major electron donors to the H − opacity. During our model computation, the convective overshoot was turned on. This provided our initial model atmospheres for each program star.
The abundance analysis was performed using the programs WIDTH9 (written and supplied by Dr. R. L. Kurucz) and MOOG (Sneden 1973) . Adopting the photometric temperature and surface gravity as our initial values, we began by restricting the analysis to those Fe I lines with log(W λ /λ) ≤ −5.2 (i.e. for the linear part of the curve of growth), and comparing the abundances as a function of excitation potential. New model atmospheres were computed with a slightly different effective temperature until the slope of the log n(Fe I) versus χ relation was zero. The stronger Fe I lines were then added and the microturbulent velocity v turb altered until the log n(Fe I) versus log(W λ /λ) relation had zero slope. Finally, we analyzed the gravity-sensitive Fe II lines, recomputing new model atmospheres by altering the surface gravity until the iron abundances derived from the Fe I lines agreed with those derived from the Fe II lines. Table 4 shows comparisons of temperature and surface gravity between the photometric (Alonso et al. 1999 ) and the spectroscopic methods in our program stars. The temperatures agree well between the two methods, with the exception of NGC 6293-2673. The discrepancy in temperature appears to be related to the interstellar reddening value of the clusters, suggesting that the interstellar reddening values may be slightly incorrect or there exists a differential reddening effect. (It is also likely due in part to the quality of spectra. Our spectra for the NGC 6541 RGB stars are superior to our spectra for the other clusters.) Figure 1 shows the comparisons of our spectroscopic T ef f versus photometric and spectroscopic log g results to those of model isochrones 7 for [Fe/H] =−2.14 and −1.84, and [α/Fe] = +0.3 (Bergbusch & VandenBerg 2001) . In the Figure, we also show T ef f and log g of M92 RGB stars (Sneden et al. 1991) . The mean metallicity of the M92 RGB stars is [Fe/H] ≈ −2.3 (Sneden et al. 1991 (Sneden et al. , 2000b and is more metal-poor than our three program clusters. Our photometric log g results agree well with those of model isochrones, while our spectroscopic log g results appear to be too small. The disagreement in the surface gravity is rather large and it appears to be related to NLTE effects as suggested by others (see, for example, Nissen et al. 1997; Allendo Prieto et al. 1999) . Since metal-poor stars have much weaker metal-absorption in the ultraviolet, more non-local UV flux can penetrate from the deeper layers. This flux is vital in determining the ionization equilibrium of the atoms, resulting in deviations from LTE. Nissen et al. (1997) claimed that surface gravities of metal-poor dwarfs and subgiants derived from the spectroscopic method, which demands that Fe I and Fe II lines should provide the same iron abundance, are a factor of two or three (∆ log g ≈ 0.3 -0.5) smaller than those from the Hipparcos parallaxes. Allendo Prieto et al. (1999) also claimed that spectroscopic gravities and those from the Hipparcos parallaxes are in good agreement for stars in the metallicity range −1.0 < [Fe/H] < +0.3, while large discrepancies can be found for stars with metallicities below [Fe/H] = −1.0, in the sense that the spectroscopic method provides lower surface gravities. Therefore, we rely on photometric gravities for our abundance analysis. It should be noted that the photometric surface gravity estimate is rather insensitive to the uncertainties in interstellar reddening values. In general, an uncertainty of 0.1 mag in E(B − V ) results in an uncertainty of 0.1 dex in the derived photometric surface gravity, in the sense that the photometric surface gravity increases with decreasing E(B − V ).
The program MOOG provides a powerful means of synthetic spectrum fitting, which is necessary for the HFS analysis in particular for Ba II lines, for example via the BLENDS driver. To see if there is any systematic difference between the results from WIDTH9 and those from MOOG, we compared the Fe I abundances for NGC 6287-1491 using the same model atmosphere and atomic data and we obtained consistent results between the two, with ∆[log n(Fe I) WIDTH9 − log n(Fe I) MOOG ] = 0.00 ± 0.01. Therefore, we consider that WIDTH9 and MOOG give consistent results to within 0.01 dex and we do not differentiate between the two in the following discussions.
RESULTS

Radial Velocity Measurements
Although radial velocity measurements were not our primary goal, they provide a very useful criterion for cluster membership of the program stars and allow us to update the somewhat uncertain radial velocities of our program clusters. The radial velocity is of particular importance in the kinematic study of inner halo globular clusters. Since there are not yet any proper motion studies of inner halo clusters, the kinematic properties of these clusters have been investigated via statistical analyses using their radial velocities (see, for example, Harris 2001) . Previous studies of the radial velocities have been based on low resolution spectra, where the internal measurement error is much larger than ours.
In order to determine the radial velocity, we cross-correlated about 20 orders in our program star spectra with the same orders observed each night for the twilight sky. We show heliocentric radial velocities of individual stars in Table 5 . As can be seen in the Table, NGC 6541 I-21 is not a member star of the cluster and we therefore exclude it from our mean velocity calculations. Our mean heliocentric radial velocities for NGC 6287, NGC 6293, and NGC 6541 are −288.8 ± 3.5 km s −1 , −151.9 ± 6.7 km s −1 , and −167.5 ± 5.0 km s −1 , respectively. (The errors are those of mean.) It should be noted that large uncertainties in our velocity measurements are mainly due to the cluster internal velocity dispersions. Hesser, Shawl, & Mayer (1986) studied the radial velocities of these three clusters using low resolution image-tube spectrograms, and they obtained −208 ± 16 km s −1 , −143 ± 17 km s −1 , −158 ± 7 km s −1 for NGC 6287, NGC 6293, and NGC 6541, respectively. Their radial velocities for NGC 6293 and NGC 6541 are in agreement to within the measurement errors. The discrepancy in the radial velocity of NGC 6287, however, is so large that it can not be easily explained by measurement errors. During the 1998 observing run, we obtained a spectrum of HD 166161, whose radial velocity is well known. Using the same procedure described above, we derived v r = 68.2 ± 0.7 km s −1 for HD 166161 and this is in excellent agreement with the previous measurements by others (68.4 ± 0.3 km s −1 , Bond 1980). Therefore, we conclude that our radial velocity measurement for NGC 6287 is correct and differs by almost 80 km s −1 larger than that of Hesser et al. (1986) . Rutledge et al. (1997b) measured the radial velocities for 11 stars in NGC 6541 and obtained a mean radial velocity for the cluster of v r = −163.5 ± 12.4 km s −1 . Their radial velocity for NGC 6541 is in good agreement with our value.
Elemental Abundances and Error Analysis
In Tables 6, 7 and 8, we present the elemental abundances of our program clusters. In the Tables, the elemental abundances using the photometric surface gravities (column log g P ) and the spectroscopic gravities (column log g S ), the uncertainty, and the number of absorption lines used for each element are listed. In both cases, we adopt the spectroscopic temperatures given in Table 9 , we show the mean results per cluster. It should be noted that we rely on the abundances using the photometric surface gravity and we adopt Fe II abundances for the iron abundances of our program stars since the Fe II abundance is thought to be less sensitive to NLTE conditions (Thévenin & Idiart 1999) .
In Table 10 , we show estimated errors resulting from uncertainties in the input model atmosphere δT ef f = ±100 K, δ log g = ±0.3 and δv turb = ±0.3 km s −1 , which are appropriate for our analysis. In the fourth column of the Table, we also show abundance errors by shifting δT ef f = ±100 K. In this case, however, we also alter the photometric log g and v turb to meet criteria that we used in the previous section [photometric surface gravity and the zero slope in the log n(Fe I) versus log (W λ /λ) relation]. The errors in the fourth column have similar values as those in the first column. It should be noted that O, Si, Ba, La, and Eu are very sensitive to T ef f resulting in |δ[el/Fe]/δT ef f (100 K)| ≈ 0.10 -0.14 dex. Also importantly, the [Si I/Ti I] ratio is very sensitive to T ef f . An uncertainty of 100 K in T ef f results in ≈ 0.2 dex in the [Si I/Ti I] ratio. This is mainly due to high sensitivity in the [Ti I/H] ratio to T ef f . On the other hand, the [Si I/Ti II] ratio is less sensitive to T ef f , |δ[el/Fe]/δT ef f (100 K)| ≈ 0.02 dex. Since we are forced to rely on very strong lines, the barium abundance is very sensitive to the microturbulent velocity. Fortunately, the abundance of the other s-process element, lanthanum, relies on weaker lines.
The α-elements
The measurements of the α-element abundances provide us an opportunity to explore the relative ages of the globular clusters. The enhanced values of these elements in globular clusters are interpreted as the domination by SNe II nucleosynthesis in the proto-stellar material, while lower values are interpreted as due to the increasing contribution of SNe Ia, which are thought to appear 10 9 or more years later (Wyse & Gilmore 1988; Wheeler et al. 1989; Carney 1996) . Carney (1996) suggested that the unweighted mean value of silicon, calcium, and titanium abundances [ Si + Ca + Ti /Fe] is the most representative to the α-element abundance in the globular cluster systems. Since these three elements are not destroyed or produced during the RGB phase, they are less sensitive to the evolutionary effects, such as an internal mixing. We, therefore, define the α-element abundance of the globular clusters to be the unweighted mean value of silicon, calcium, and titanium abundances in the following discussions.
In Figure 2 , we show [Si/Fe], [Ca/Fe] , [Ti/Fe] , and [α/Fe] of our program clusters along with the "halo" and the "disk" globular clusters 8 (Gratton 1987; Gratton & Ortolani 1989; Kraft et al. 1992 Kraft et al. , 1995 Kraft et al. , 1997 Kraft et al. , 1998 McWilliam et al. 1992; Sneden et al. 1994 Sneden et al. , 1997 Sneden et al. , 2000b Brown et al. 1997 Brown et al. , 1999 Ivans et al. 1999; Shetrone & Keane 2000; Habgood 2001 ) as a function of [Fe/H] . In Table 11 , we summarize the mean α-element abundances of our program clusters and other clusters. It should be noted that we exclude our program clusters from the mean values of the "old halo" globular clusters (OHGCs). In the Table, the errors are those of the mean. The silicon abundances of our program clusters appear to be slightly more enhanced than those of other clusters. On the other hand, the titanium abundances of our program clusters appear to be slightly depleted. The titanium abundance of the metal-poor RGB stars using the neutral titanium lines may suffer from NLTE effects, such as an over-ionization, and the resultant Ti abundance may be spurious. However, our Ti abundance analyses using the Ti II lines also yield lower titanium abundance scales in our program clusters, indicating that they are truly titanium deficient. Note that titanium could be defined partly as an iron-peak element. Explosive nucleosynthesis calculations of the massive stars predict that one of the major sources of the SNe II titanium yield is 48 Cr via the consecutive electron capture processes.
The Heavy Neutron Capture Elements Ba, La, and Eu
In Figure 4 , we show Ba, La, and Eu abundances of the globular clusters (Gratton et al. 1986; Gratton 1987; Gratton & Ortolani 1989; McWilliam et al. 1992; Brown et al. 1997 Brown et al. , 1999 Sneden et al. 1997; Kraft et al. 1998; Ivans et al. 1999; Shetrone & Keane 2000; Sneden et al. 2000a Sneden et al. , 2000b ) and field stars (Burris et al. 2000) as a function of metallicity. In Figure 6 shows the elemental abundances of Ba, La, and Eu of our clusters have a highly flattened spatial distribution and constitute a rotational supported system (a larger rotational velocity and a smaller velocity dispersion). Searle & Zinn (1978) and Lee, Demarque, & Zinn (1994) suggested that the inner halo globular clusters exhibit a tight HB morphology versus [Fe/H] relation, while the outer halo globular clusters show the second parameter phenomenon (i.e., a larger scatter in HB type at a given [Fe/H]). Subsequently, Zinn (1993) subdivided the halo clusters into two groups. The "old halo" group obeys the same HB type versus [Fe/H] relationship as the inner halo clusters while the "younger halo" group deviates from this relationship by a significant amount (see Figure 3) . Zinn (1993) and Da Costa & Armandroff (1995) argued that the old and the younger halo groups have different kinematic properties that the old halo group has a prograde mean rotation velocity with a smaller velocity dispersion while the younger halo group has a retrograde mean rotation velocity about the Galactic center with a larger velocity dispersion. They suggested that the old halo group formed during the collapse that led ultimately to the formation of the Galactic disk and the younger halo group were accreted later in time.
program clusters and M15 (Sneden et al. 2000a) . We also plot the solar abundances of the neutron capture elements with 56 ≤ Z ≤ 64, those due to the r-and s-process contributions (Burris 2000) . In the Figure, these elemental abundances were normalized to the r-process element europium. As suggested by others (Cowan et al. 1999; Burris et al. 2000; Sneden et al. 2000a) , the solar neutron capture element distribution due to the r-process contribution is consistent with those of M15 within the measurement error. However, the s-process elements Ba and La in our program clusters appear to be slightly enhanced, consistent with Figure 5 . This enhanced s-process element distribution of the inner halo globular clusters may suggest that they might have experienced a different chemical enrichment history than other halo globular clusters or the metal-poor field stars.
THE CHEMICAL EVOLUTION OF THE INNER HALO GLOBULAR CLUSTERS
As Zinn (1993) and Da Costa & Armandroff (1995) suggested, if the bulk of "younger halo" globular clusters (YHGCs) were accreted into our Galactic halo after the formation of the OHGCs, elemental abundance patterns in YHGCs may not fully reflect the chemical evolution history of our Galactic halo, since YHGCs could have experienced very different chemical evolution history than OHGCs. Also the number of YHGCs studied employing high-resolution spectroscopy is too small as yet to delineate their chemical evolution history. Therefore, we focus on OHGCs in our following discussions. In Figure 8 , we show the [Si/Ti] ratios of the OHGCs as a function of their Galactocentric distance. In the Figure, we also show the least-square fit, the inverse least-square fit, and the bisector liner fit (Isobe et al. 1990 ) to the data. Our slope of the bisector linear fit to the data is δ[Si/Ti]/δ log R GC = −0.765 dex per decade. We performed a non-parametric Spearman rank-order test (Press et al. 1992 ) and our results indicate a probability of ≈ 0.7 % that the anti-correlation between [Si/Ti] and R GC of the OHGCs is random. In the Figure, we also show the bisector linear fit to the OHGCs with R GC ≤ 8 kpc (12 clusters) and we found the slope of δ[Si/Ti]/δ log R GC = −0.976 dex per decade. We also performed a Spearman rank-order test and we obtain a probability of ≈ 0.0003 % that the anti-correlation between [Si/Ti] and R GC of the OHGCs with R GC ≤ 8 kpc is random.
9 Figure 7 and 8 suggest that the silicon and titanium abundances of the OHGCs are related to their current Galactocentric distances. To explain these elemental abundance gradients, we show the SNe II yields as a function of a progenitor mass with Z = 10 −4 in Figure 9 . For massive SNe II models, we adopt the U30B, U35B, and U40B models of following Timmes, Woosley, & Weaver (1995) . Since provided ejected masses of the individual isotopes from 1 H to 71 Ge at 2.5×10 4 seconds after the explosion in their Tables 14A and 14B , we need to consider the radioactive decays, such as negative beta decay and electron capture, of the short-and intermediate-lived radioactive isotopes to derive the final products by the SNe II explosion. In the inset of the Figure, we also show the SNe Ia yields by Höeflich, Wheeler, & Thielemann (1998) . Note that SNe yields are given in units of solar masses and not in [el/H] and the abscissa of the inset is the atomic number.
As shown in Figure 9 , the chemical enrichment by the massive SNe II explosion will lead to elemental abundance anomalies, in the sense that [O/Fe] and [Si/Fe] ratios will increase, while [Ti/Fe] ratios 10 will decrease. We suggest that the gradient in the [Si/Ti] ratios versus R GC can be explained by the contributions from the SNe II explosions with the different progenitors' masses. Due to its deeper gravitational potential and the denser environment, the central regions of our Galaxy would have been better able to retain the ejecta from massive SNe II explosions that have higher specific kinetic energies compared to the intermediate or the outer halo. Although weak, the enhanced [O/Fe] ratios of the NGC 6287 RGB stars with [Na/Fe] ≥ 0.0 may support this scenario (see also Matteucci & Greggio 1986) , since the original [O/Fe] ratios would have been much higher than the observed ratios if a substantial amount of oxygen atoms had been already destroyed via the deep mixing scenario (see, for example, Kraft 1994 ). As we have already mentioned, the major contributor to the titanium abundance due to the SNe II explosion is 48 Cr, which decays into 48 Ti. Nakamura et al. (1999) argued that the SNe II Cr yields will decrease as the mass of the progenitor increases, leading to decreasing [Cr/Fe] ratios toward lower [Fe/H]. Thus, the behavior of observed [Cr/Fe] ratios in the metal-poor field stars may support the argument that more massive SNe II may have contributed to the early nucleosynthesis in our Galaxy. SNe Ia explosion models also predict that a significant amount of silicon can be produced by SNe Ia explosions (see Figure 9 ; see also Nomoto, Thielemann, & Yokoi 1984) , however, the chemical enrichment by SNe Ia explosions is not likely responsible for the gradient in [Si/Ti] ratios versus R GC . The OHGCs are very old to within 0.5 -1.0 Gyr (see, for example, Rosenberg et al. 1999; Lee et al. 2001; Lee, Carney, & Heasley 2002, in preparation) and SNe Ia contributions begin to appear at least 1 -2 Gyr after star formation is initiated.
On the other hand, our measurements of s-process 11 elements Ba and La may indicate that they formed in PGCCs which had already been polluted by low-or intermediate-mass AGB stars, unless the observed Ba and La were produced internally and dredged-up to the stellar surface, and may provide an additional constraint on the formation epoch of our program clusters. If the s-process site is intermediate mass AGB stars, which should begin to appear about 10 8 yr after star formation initiated (Matteucci 2002) , the formation timescale of our program clusters might be as short as a few times 10 8 yr after the star formation is initiated in the Galaxy's central regions. On the other hand, the opposite situation can be found in the Galactic bulge stars studied by McWilliam & Rich (1994 [Si/Fe] are depleted by ≈ 0.2 dex. As we discussed above, the oxygen abundances in RGB stars are hard to determine, due to internal mixing during the RGB phase, which depletes the oxygen abundance in the stellar photosphere. The anticorrelation of sodium and oxygen abundances is a good means by which we may estimate if an individual red giant has experienced significant mixing or not (Kraft 1994) . In particular, low sodium abundances ([Na/Fe] ≤ 0) appears to be a good indicator of minimal mixing in red giants. The two stars in McWilliam & Rich (1994) They also found that the r-process element Eu appears to be enhanced, while the iron-peak elements and s-process elements appear to be normal relative to Fe. Our results and those of McWilliam & Rich (1994) may reflect a complexity of the chemical enrichment history near the Galactic center so that one can hardly draw a boundary between the SNe II contribution and that due to the SNe Ia events. Perhaps a comparison between our results and those of McWilliam & Rich (1994) might be rather inappropriate since the ages of bulge giants are not known but presumably they are younger than our program clusters. During the formation time lag between our program clusters and bulge giants, the proto-bulge star clouds must have been polluted by the nucleosynthesis in the Galaxy's central regions and, in particular, by infalling gas.
12 Therefore, the one-to-one elemental abundance comparison between our program clusters and bulge giants to trace the chemical enrichment history of our Galaxy's central regions may be difficult.
SUMMARY AND CONCLUSIONS
A chemical abundance study of the old inner halo clusters NGC 6287, NGC 6293, and NGC 6541 has been presented. Our metallicity estimates for NGC 6287, NGC 6293, and NGC 6541 are [Fe/H] = −2.01 ± 0.05, −1.99 ± 0.02, and −1.76 ± 0.02 (internal), respectively, and our metallicity measurements are in good agreement with previous estimates.
Our radial velocity measurements for NGC 6293 and NGC 6541 are in good agreement with those by Hesser et al. (1986) and Rutledge et al. (1997b) , but our radial velocity measurement for NGC 6287 is almost 80 km s −1 larger than that of Hesser et al. (1986) .
We have discussed that the mean α-element abundances ([ Si + Ca + Ti /Fe]) of our program clusters are in good agreement with other globular clusters, [α/Fe] ≈ +0.3, confirming the previous results of Carney (1996) . However, the individual α-elements appear to follow different trends. The silicon abundances of the inner halo clusters appear to be enhanced and the titanium abundances appear to be depleted compared to the intermediate halo clusters. In particular, the [Si/Ti] ratios of OHGCs appear to be related to their Galactocentric distances, in the sense that the [Si/Ti] ratios decrease with Galactocentric distance. We proposed that contributions from different masses of the SNe II progenitors that exploded before the formation of OHGCs and the different initial physical environments surrounding the PGCCs are responsible for this gradient in [Si/Ti] ratios versus Galactocentric distances of OHGCs. The high [Si/Ti] ratios toward the Galactic center may be due to a higher proportion of high-mass SNe II contributions to the PGCCs. On the other hand, our program clusters appear have enhanced s-process elemental abundances, providing an additional constraint on the formation epoch of our program clusters. If the s-process site is intermediate mass AGB stars, which should begin to appear about 10 8 yr after star formation is initiated, the formation timescale of our program clusters might be as short as a few times 10 8 yr.
In the future, it would be very desirable to investigate the α-element abundances and the neutron capture elemental abundances of the inner halo or bulge clusters with an expanded sample, and preferentially at shorter wavelengths where more neutron capture elements' absorption lines are found. Al I 3.14 −1.890 
Co I 2.04 −2.070 21 Table 4 . Model atmosphere parameters. Our program clusters appear to be silicon enhanced and titanium deficient. (Burris et al. 2000) . NGC 6287 is represented by filled squares, NGC 6293 by filled triangles, and NGC 6541 by filled circles. -The α-element abundances and metallicities of "old halo" clusters as a function of R GC . NGC 6287 is represented by filled squares, NGC 6293 by filled triangles, and NGC 6541 by filled circles. The dotted lines represent the linear fit to the data. Note that metallicities do not reflect the underlying stellar population, but only the objects studied in our study. . SNe Ia yields as a function of atomic mass are also plotted in the inset. For SNe Ia, we adopt data from Höeflich, Wheeler, & Thielemann (1998) .
